Introduction
The exchange interaction between a ferromagnetic (FM) and an antiferromagnetic (AF) layer leads to a unidirectional anisotropy in FM, which is called exchange bias. This phenomenon plays an important role in spin valves where the AF layer fixes the orientation of the FM magnetization [1, 2] . FM/AF bilayers are often studied by static measurements of magnetic hysteresis loops [3] [4] [5] [6] . However, dynamical experiments, like the pump and probe technique, can provide a markedly distinct information about the bilayer properties [4, 5, [7] [8] [9] [10] .
Compensated AF semimetal CuMnAs [11, 12] is a promising material for AF spintronics [13, 14] where the first realization of an AF memory chip was reported [15] . However, the zero net magnetic moment makes the magnetic characterization of this material a major challengetraditionally, only x-ray magnetic linear dichroism (XMLD) has been used for the determination of the magnetic anisotropy in nanometer-thick AF films [12] . Very recently we have developed a new table-top pump-probe magneto-optical (MO) method that provides the information about magnetic ordering in CuMnAs epilayers [16] . In this paper we apply this MO technique for the study of a Fe/CuMnAs bilayer. This bilayer was explored recently by XMLD and it was shown that due to the interlayer exchange coupling with Fe, the Néel vector in CuMnAs can be rotated by an external magnetic field [17] .
2 Pump-probe experimental study 2.1 Experimental details We used a Ti:sapphire oscillator (Mai Tai, Spectra Physics, pulse duration 150 fs, repetition rate 80 MHz) as a source of femtosecond laser pulses with wavelength 920 nm. Each laser pulse was divided into a pump pulse (with fluence  3 mJ cm -2 ) and a probe pulse (fluence  0.06 mJ cm -2 ). The time delay between pulses (t) was controlled by a delay line and they were focused to the same spot on the sample (spot diameter  30 m). The polarization of the pump pulses was circular with the helicity controlled by a quarter-wave plate. For the studied materials, the measured MO data were independent of the pump helicity and, to improve the signalto-noise ratio, we used their average for the data analysis. The probe pulses were linearly polarized with the orientation of the polarization plane controlled by a half-wave plate and described by an angle  (see inset in Fig. 2 ). The sample was mounted in a closed-cycle cryostat in such a way that the external magnetic field was applied at angle  60°with respect to the [110] crystallographic direction of the GaP substrate. The field dependence of the MO signal dynamics was measured from positive to negative fields. Measurements were performed at 15 K for normal incidence of probe pulses in a transmission geometry.
Sample growth and characterization
The experiments were performed on a Fe (2 nm)/CuMnAs (5 nm) sample that was capped with a 2 nm layer of Al. The sample was grown on a GaP (001) The magnetic properties of the sample were characterized by a superconducting quantum interference device (SQUID) at 2 K -see Fig. 1 . The measured loops are centered around zero external magnetic field which indicates a negligible exchange bias in the sample. The coercivity is around 7 mT and there is only a weak dependence on the direction of the field, i.e., there is a rather weak in-plane magnetic anisotropy of Fe. 
Results and discussion
For fully compensated AFs, the MO signals from oppositely oriented magnetic sublattices cancel for MO effects linear (i.e. odd) in magnetization. On the other hand, MO effects quadratic (even) in magnetization are present also in AFs but it is rather difficult to separate the magnetic order-related signal from other sources of the light polarization change (e.g., strainor crystal structure-related). These problems can be circumvented in a pump-probe experimental scheme where the probe pulse measures a quadratic MO signal reduction due to the pump-induced demagnetization of the sample [16] . We used the MO Voigt effect, which is closely connected with magnetic linear dichroism (MLD), that is maximal for a normal incidence of probe light on the sample surface [16] . The fingerprint of this MO effect is a harmonic dependence of the change of the polarization rotation (or ellipticity) measured as a function of the mutual orientation of the probe light polarization and magnetic moments, which are described by angles  and , respectively (see inset Fig. 2 ):
Here P is the MO coefficient, which scales quadratically with the sublattice magnetization M, and M is pumpinduced change of magnetization [16] . In Figs. 2(a) and 2(b) we show MO signals measured in the studied Fe/CuMnAs sample for external magnetic fields of 0 and + 670 mT, respectively. In addition to the light polarization-sensitive MO signal described by Eq. (1), which is due to the pump-induced demagnetization in CuMnAs, there are also oscillations whose frequency depends on the magnetic field and that we interpret as a precession of ferromagnetic moments in Fe. The phase of these oscillations does not depend on the polarization -see the dashed line in Fig. 2(b) . This reveals that the precession of Fe moments was detected due to the Faraday effect in the polar geometry [18] . A separation of MO signals from Fe and CuMnAs can be performed by fitting the measured data by [19] ‫ܯ‬ Here A and C are the amplitudes of the precession and demagnetization-related MO signals, respectively, f is the precession frequency, is the precession initial phase, G is the Gilbert damping time, d is the demagnetization decay 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57 time and D is a polarization-insensitive background, which is coming mainly from the substrate [16] .
To study the precession of Fe we selected the probe polarization of  where the non-oscillatory MO signals are suppressed due to the polarization dependence of the Voigt effect (see Fig. 2 ). Examples of the measured data with fits are shown in Figs. 3(a) and 3(b) . In Fig. 3(c) we show the dependence of the precession frequency on the applied magnetic field. The obtained dependence is symmetrical around zero magnetic field. Consistent with the SQUID data, we again see no significant exchange bias which, if present, would shift the position of the lowest frequency to non-zero fields [4] . We fitted the frequency dependence by the Kittel equation [5, 20] 
where is the gyromagnetic ratio, Bext is the external magnetic field, BA is the effective anisotropy field and MS is the saturated magnetization in the ferromagnetic layer. By this procedure we determined that for the studied sample, BA = 16 mT and MS = 1350 emu cm -3 , which is in a reasonable agreement with the value of MS expected for Fe [21] . In Fig. 3(d) we show the field dependence of the initial phase of the precession. For large applied external magnetic fields, which considerably exceed the film in-plane anisotropy, the phase differs by 180°for opposite field directions -see Figs. 3(a) and 3(d) . The experimentally measured field dependence of is centered around magnetic field of -200 mT. This behavior we interpret as a signature of CuMnAs-related magnetic anisotropy, which is however not apparent in the SQUID data (see Fig. 1 ). Such a difference between "dynamic" (i.e., deduced from a pump-probe experiment) and "static" (e.g., deduced from a SQUID data) anisotropy fields was reported also for other FM/AF bilayer systems [4, 5] . Note that this unidirectional anisotropy is apparent also from the considerable reduction of the precession amplitude observed around -200 mT [see Fig.  3(d) ]. At -92 mT, we even see a time-delayed onset of the oscillations [see Fig. 3(b) ]. This we attribute to the change of the magnetic anisotropy due to the pump pulse, which is evolving in time as the local temperature of the excited spot on the sample decreases in time.
The information about CuMnAs layer can be deduced from the polarization-dependent non-oscillatory MO signals which are shown in Fig. 4 . Without external magnetic field the fit of the data by Eq. (1) yields  = 149  2°, which shows that the spin axis in CuMnAs is located along the [110] GaP substrate crystallographic direction (see inset in Fig. 2 ), in agreement with our previous observations [16] . As apparent in Fig. 4 , we have not observed any sizable shift of the Néel vector L in CuMnAs due to the interlayer exchange coupling with Fe when external magnetic field with a magnitude of 670 mT was applied along the directions +90°and -90°. Similar results were obtained for several temperatures from 15 to 300 K. In the XMLD measurements, on the other hand, a rotation of L by magnetic field was observed in the same sample [17] . One possible explanation of this difference might be a different depth sensitivity of these two techniques: The XMLD experiment was performed in a reflection geometry using a total electron yield that leads to a probing depth of  3 nm, which is smaller than the 5 nm CuMnAs film thickness. On the other hand, the optical pump-probe experiment is performed in transmission geometry where the whole material is probed with the same sensitivity. In CuMnAs the uniaxial anisotropy comes from the specific symmetry of bond alignments on the CuMnAs/GaP interface [16] and, therefore, the Fe-mediated rotation of L might be more difficult to achieve close to the substrate than at the sample surface. Alternatively, this difference between the static and dynamic experiments might originate from the pump-induced local temperature increase of  120 K [16] which is an inherent part of our MO pumpprobe method. It is well-known that the exchange coupling between layers depends strongly on temperature [6] . Consequently, magnetic field can indeed rotate the Néel vector due to the interaction with Fe in the whole CuMnAs layer but the first pump laser pulse, which heats the sample, might destroy the magnetic alignment of the Fe and CuMnAs layers. Following this event, the magnetic moments in CuMnAs would rotate towards their easy axis where they would be detected by our stroboscopic method at the original position. Finally, we cannot also exclude a possibility that the sizable pump-induced temperature increase might locally influence the interface -and consequently the exchange coupling -between Fe and CuMnAs layers in a similar way as the sample annealing does [4] . 2), is shown as a function of the probe polarization orientation . Data without external magnetic field and for fields +670 mT and -670 mT, which were applied along the directions +90°and -90°, respectively, were fitted by Eq. (1) and vertically shifted for clarity; the horizontal lines depict the polarization-independent background.
3 Conclusion In conclusion we studied a Fe/CuMnAs bilayer using the time-resolved magnetooptical pump-probe technique. We observed an oscillatory signal due to the precession of Fe moments that is sensitive to the magnetic anisotropy of the Fe layer. By this means we observed a magnetic anisotropy that was not apparent in the SQUID measurements and that we ascribe to interface coupling with the AF. We also discussed possible differences between pump-probe-based MO technique and XMLD that are responsible for the fact that we did not observe any significant reorientation of the magnetic moments in CuMnAs by external magnetic field due to the interlayer exchange coupling with Fe.
